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IN THE UNITED STATES DISTRICT COURT 

WESTERN DISTRICT OF MISSOURI 
CENTRAL DIVISION 

 
 
MICHAEL ANTHONY TAYLOR  ) 

) 
Plaintiff,   ) 

vs.      )  No. 05-4173-CV-W-FJG 
) 

LARRY CRAWFORD, et al.,  ) 
) 

Defendants.   ) 
______________________________) 

 
 

EXPERT WITNESS REPORT OF DR. THOMAS K. HENTHORN  
PURSUANT TO FED. R. CIV. P. 26(a)(2)(B) 

 
 
 I have been retained to testify as an expert on behalf of Plaintiff Michael Anthony 
Taylor.  I submit this report in compliance with the requirements of Rule 26(a)(2)(B) of 
the Federal Rules of Civil Procedure.  I expect to testify at trial regarding the matters 
stated in this report if asked by the Court or by the parties’ attorneys.  I reserve the right 
to supplement or modify this report if and when appropriate.  I also reserve the right to 
supplement or modify this report to the extent that new or additional information is 
provided.  In this regard, I may give additional testimony based upon documents, issues, 
or testimony that is presented at trial.   
 
 
I. Background and Qualifications 
  
 1. I have a B.A. from Drake University and an M.D. from Northwestern 
University Medical School.  Since 2001, I have been Professor and Chair of the 
Department of Anesthesiology at the University of Colorado School of Medicine in 
Denver.  My full credentials are listed in my curriculum vitae, which are attached as 
Exhibit A.   
 
 2. I have conducted extensive research in the area of pharmacokinetics, 
which studies the time course of drugs in the body and their effects (pharmacodynamics).  
In particular, many of my studies have focused on the pharmacokinetics of the anesthetic 
thiopental (sodium pentothal).  I have published six articles on thiopental and authored an 
additional fourteen abstracts on this topic.     
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 3. In addition to my scholarly research, I am a practicing anesthesiologist at 
University of Colorado Hospital.  In the course of my practice, I am regularly responsible 
for anesthetizing patients about to undergo surgery or other medical procedures requiring 
anesthesia.  On average, I induce anesthesia in approximately 20 patients per week.   
 
 4. In preparing this report, I have referred to and relied on: 
 
  a. my experience and research in the area of pharmacokinetics and  
   particularly in the pharmacokinetics of thiopental;  
 
  b. my training and experience as a practicing anesthesiologist;  
 
  c. the articles listed below under “References”; 
 
  d. the execution records and chemical logs provided by the State; 
 
  e. the Defendants’ answers to interrogatories submitted by Mr.  
   Taylor;   
 
  f.  the affidavits provided by Dr. Mark Dershwitz in Johnston v.  
   Crawford and in Brown v. Beck (the Brown affidavits are attached  
   as Exhibit B); 
 
  g. information gleaned during the May 15, 2006 tour of the ERDCC  
   execution chamber, with particular regard to the equipment used. 
 
II. Summary of Opinions 
 
 5. Missouri’s practice of rapidly injecting each chemical one after the other 
creates a substantial risk that an inmate will not be properly anesthetized when he 
receives the potassium chloride.  In the doses used by Missouri, thiopental should 
produce sufficient unconsciousness in a human being to prevent them from feeling 
excruciating pain.  However, even in these large doses, thiopental does not begin taking 
effect immediately.  Because Missouri’s procedure does not leave time for the thiopental 
to take effect in the brain, it creates a substantial risk of inflicting excruciating pain.   
 
 6. The insertion of a femoral vein central catheter is not medically indicated 
for the infusion of any of the drugs involved in lethal injection.  There is no reason to put 
a femoral line in a patient when a peripheral line would serve the same purpose.  
Insertion of a femoral line inevitably causes gratuitous, significant pain.  It also creates a 
substantial risk of serious, excruciating complications.   
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III. Thiopental 
 
 A. The Basic Properties of Thiopental and Its Effect on Consciousness 
 
 7. Thiopental is a barbiturate with a rapid onset and offset of effect that can 
be used to induce anesthesia.  Like other anesthetics, thiopental must act in the central 
nervous system to be effective and the brain to affect consciousness.  As a result, the 
concentration of thiopental in the blood does not necessarily reflect its effectiveness.  
Rather, concentration of thiopental in the blood is an approximation of its effect on the 
brain.  One of my areas of scholarly inquiry has been the correlation of thiopental 
concentration in the blood with its effect on the brain.  In particular, I have conducted 
studies analyzing when thiopental takes effect in the brain.   
 

8. I have reviewed the affidavits supplied by Dr. Mark Dershwitz from 
Johnston v. Crawford and Brown v. Beck with regards to the pharmacokinetics and 
pharmacodynamics of thiopental following the 5 gram dose given to condemned inmates 
in Missouri.  Dr. Dershwitz’s assumptions and use of simulations are generally correct.  
In fact, when I performed similar computer simulations, using his assumptions I arrived 
at almost identical results.  I therefore have no argument that a 5 gram dose, if delivered 
reliably into the circulation by intravenous injection, will produce unconsciousness in any 
human being for many hours.  (Of course, if the full dose of thiopental is not delivered 
reliably into the veins, Dr. Dershwitz’s conclusions become irrelevant.)  However, I 
disagree with Dr. Dershwitz on two points.  First, I believe he has selected an improper 
definition of consciousness.  Second, Dr. Dershwitz does not account for the time it takes 
for thiopental to take effect; instead, he focuses solely on the duration of its effect.    

 
9. Different concentrations of anesthesics will have different effects across 

the spectrum of consciousness.  Light anesthesia will have less effect (i.e., rendering a 
patient unable to respond to verbal commands) than clinical anesthesia (i.e., rendering a 
patient unable to feel or respond to any stimuli, including excruciating pain).  In 
measuring the effect of thiopental on consciousness, clinical investigators have used a 
variety of stimuli to elicit a response from patients.  At the lowest end of the stimulus 
range is loss of response to simple voice command.  This corresponds to a thiopental 
effect-site or brain concentration of 7.4 mg/L.  This is what Dr. Dershwitz used for his 
simulations.  In other words, Dr. Dershwitz’s analyses assume that a person who has a 
thiopental brain concentration of about 7.4 mg/L and is unable to respond to simple voice 
commands will be unable to respond to higher levels of stimulation.  This assumption is 
incorrect; this level of thiopental will not necessarily prevent a response from higher 
levels of stimulation, such as pain caused by the injection of potassium chloride. 
 

10. Some responses that were observed by investigators to certain very 
powerful stimuli occurred at the point where thiopental had already completely silenced 
the cerebral cortex.  Thus, these responses were deemed to be reflexes mediated by lower 
parts of the central nervous system, not requiring the cortex or consciousness.  Therefore, 
it is possible for a person not to be able to respond to someone’s voice but still to be able 
to respond in some way to a stronger stimulus, such as extreme pain.  It is generally 
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agreed that activity in the cerebral cortex is required for consciousness.  Demonstration of 
the lack of cerebral function by EEG silence is a requirement of the legal definition of 
loss of consciousness and brain death if no drugs acting on the central nervous system are 
present.  Therefore, if there is electrical silence in the brain, there is no chance that a 
person can experience pain.  Similarly, if there is not electrical silence, there remains the 
possibility that a person still can experience pain.   

 
11. Investigators have used the thiopental concentration producing 

electroencephalographic (EEG) ‘burst suppression’ for 3 seconds duration as being 
clinically and physiologically equivalent to EEG silence.  However, because it occurs at a 
lower thiopental concentration than total silence, it represents a level from which patients 
and human volunteer research subjects can readily recover.  ‘Burst suppression’ means 
that the brain is ‘flat line’ for 3 seconds at a time, followed by a short burst of activity, 
followed by 3 more seconds of ‘flat line,’ and so on.  Only at ‘burst suppression’ can we 
be certain that a person’s response to noxious stimuli, such as the pain caused by 
potassium chloride coursing through a person’s veins, is not a conscious one.  
Accordingly, the proper target for simulation in the case of lethal injection should be the 
thiopental concentration that produces ‘burst suppression.’  This state corresponds to a 
thiopental effect-site or brain concentration of 34 mg/L.  This concentration is obviously 
significantly higher than the approximately 7.4 mg/L concentration necessary to block 
response to simple voice commands.  It is true, though, that a 5 gram dose of thiopental, 
if properly administered, will eventually attain burst suppression.    

 
 12. Regardless of which endpoint is chosen, it is imperative that a clinician 
trained in anesthesia observe the condemned inmate in order to monitor the effects of the 
drugs.  While the literature is replete with formulae for producing general anesthesia, no 
responsible anesthesiologist would ever suggest that it be conducted by untrained or 
inexperienced personnel, even if armed with a supposedly ‘perfect’ formula.  One reason 
is that these drugs produce effects on respiration and the cardiovascular system that need 
appropriate intervention to prevent harm.  Another reason is to assure that the expected 
effects are indeed happening and to troubleshoot the situation if they are not.  Obviously, 
the physiologic support aspect is not necessary in an execution, but the monitoring for 
expected effects aspect certainly is.  Multiple problems can arise that can prevent 
thiopental from taking complete effect.  These include problems with drug delivery to the 
patient; problems with the patient’s circulation slowing or blocking the delivery of drug 
to sites of action; and unusual reaction (sensitivity or resistance) of the individual patient 
to the drug.  Unusual sensitivity would not be a problem in an execution but unusual 
resistance would be, especially if a smaller than expected dose gets delivered. 
 
 13. It is not enough to have a trained specialist present viewing through a 
window in the next room.  It is certainly not enough to have an untrained person (i.e., a 
person lacking training in anesthesiology) viewing through a window in the next room.  
A general surgeon would not have the proper training in anesthesiology to monitor 
anesthetic depth, even were he stationed at the inmate’s bedside.  And even a trained 
anesthesiologist would have to interact with the condemned inmate to know if the 
trajectory of drug effects were correct.  An individual lying quietly under a sheet 
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produces insufficient information or feedback.  For instance, it is not unusual for a patient 
to be lying quietly in a subhypnotic (not quite unconscious) state, but when asked if he or 
she is comfortable may indicate that he/she is in severe pain.  This occurrence happens 
with some frequency in my practice as an anesthesiologist.   
 
 14. Thiopental is not an analgesic (painkiller); it is only an anesthetic drug that 
induces sleep.  Since no analgesics are part of the lethal injection prescription, it is 
possible for pain to be experienced and for no one to know about it if there is not direct 
interaction with a trained individual.  Not only does thiopental not have analgesic 
properties, it is thought to actually be antianalgesic and to lower the pain threshold, thus 
increasing the necessity of delivering these drugs as intended by a trained individual. 

 
 B. The Pharmacokinetics of Thiopental 
 

15. Traditionally, pharmacologists used pharmacokinetic models that assume 
instantaneous mixing throughout what is called the ‘central compartment,’ which is 
normally thought to comprise the blood and highly perfused tissues such as the brain.   
This simplification is done because it is computationally easier and because actual drug 
concentration data collected during the onset of effect has been lacking.  With these 
assumptions, thiopental measured anywhere in the vascular system was once assumed to 
be the same as that found in heart and brain tissue.  It was also assumed that all drug 
effects occur instantly without any delay in blood transit or diffusion into tissue and the 
subsequent production of the observed effect by the target tissue. 
 

16. Because an accurate description of the onset of effect is absolutely critical 
to anesthesia practice, investigators (including my laboratory) have, over the past 20 
years, focused much time and attention to mathematically characterizing the equilibration 
delay of drug concentrations in the effect site (or brain in the case of thiopental) with that 
in the arterial blood and in describing the time course of drug transit through the 
circulation and its mixing within the heart and blood vessels by collecting arterial blood 
samples at high frequency from patients, human subjects and experimental animals.  This 
research has helped demonstrate that the traditional view assuming instantaneous mixing 
is overly simplistic and incorrect.1-6   

 
17. I have no argument with the modeling performed by Dr. Dershwitz from 

approximately 4 minutes after the start of thiopental injection through the next 5 hours.  
After 4 minutes, he is correct that 5 grams of thiopental will attain burst suppression and 
that burst suppression will last for several hours thereafter (if the person lives that long).  
However, since he neglected to look at the pharmacokinetic events in the time during the 
onset of effect, I have performed simulations of the critical first 1-4 minutes after 
beginning the infusion of drug using the modeling techniques that I and my colleagues 
have developed for thiopental.   

 
18. The modeling assumptions that I used consisted of: (a) 8 ft of IV tubing 

from the syringe containing drug to the catheter in the inmate’s femoral vein with 1.76 cc 
per ft (15 cc of deadspace), giving a 7.5 second mean transit time to reach the patient 
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with (b) an injection speed of 2 cc per second, (c) a 12 second mean transit time from the 
femoral vein to the heart, (d) a normal cardiac output of 5 L/min, (e) an 82 kg healthy 
male inmate, and (f) a central blood volume (heart, lungs and great vessels) of 2.5 L.  To 
the extent these assumptions rely on details about the equipment, my understanding is 
that they are consistent with the equipment used by the State of Missouri in carrying out 
its executions.  Variations in these assumptions, unless drastic, would likely yield only 
slight differences in my simulations and conclusions.  Of course, some variations are to 
be expected from person to person, and from execution to execution.  It should also be 
noted that most scientific modeling, including possibly the simulations discussed herein, 
likely relies on assumptions of which the scientist is unaware.   

 
19. The results of this simulation are in Figure 1.  (Figures 1-7 are attached to 

the end of this report).  Figure 1 charts the course of thiopental into the body, the heart, 
and finally the brain, where it takes effect.  The thiopental travels a long course to its 
destination.  Assuming it is properly administered, the thiopental leaves the syringe, 
travels through the tube, into the catheter, into the vein, up to the heart, then to the lung 
and lung tissue, then back to the heart, where it is pumped into arteries and finally 
pumped up into the brain.  It begins to take effect shortly thereafter.  It is clear that it 
should take approximately 45 seconds for the chemicals to reach the arterial blood and 
begin to reach the tissues to produce an effect.  While the arterial blood thiopental 
concentration is much higher than brain concentration at 2 minutes, at this dose the brain 
concentrations would also be expected to be high.   

 
20. Clinically, we are interested in producing an effect with a drug that has at 

least a 95% probability of success.  This is the case because a lower probability of 
success runs too great a risk of causing pain – sometimes severe – to the patient.  As Dr. 
Dershwitz indicated, a dose of 5 grams will produce thiopental concentrations that far 
exceed the 95% probability of producing loss of ‘voice recognition’ consciousness.  
Though Dr. Dershwitz does not consider EEG burst suppression, it is almost certainly the 
case that a 5 gram dose of thiopental will also eventually produce 95% probability of 
burst suppression.  The relevant question, however, is not just whether this will occur.  
We must also ask when it will occur.  The reason is that if the injection sequence is too 
fast and does not take into account transit, mixing and blood-brain diffusion, then the 
beginning of the painful potassium chloride injection could begin while the inmate is still 
conscious and able to perceive pain.  Dr. Dershwitz’s analysis and models do not account 
for the time it takes for the thiopental to take effect.   
 

21. Figure 2 shows that simple loss of consciousness (loss of motor control, 
11.2 mg/L) would be expected to be 95% likely at a little over 67 seconds from the start 
of the thiopental injection.  EEG burst suppression would follow shortly thereafter at just 
over 90 seconds.  Because a large dose of thiopental likely reduces cardiac output 
because it weakens the heart, thiopental would likely take effect later than the times 
indicated in Figure 2.  In other words, Figure 2 represents the time of the onset of 
thiopental effect before that time has been adjusted to account for the reduced cardiac 
output that would result from the thiopental and that would occur within a minute of the 
thiopental’s entry into the venous system.  Nevertheless, Figure 2 is a useful starting 
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point for understanding the time course of thiopental -- namely for understanding that it 
likely will not achieve burst suppression in less than 90 seconds.   
 

22. The prison records and Defendant Crawford’s Answers to Plaintiffs’ First 
Interrogatories (Exhibit C) reveal that on 2 recent occasions, it took as little as 2 minutes 
from the start of the thiopental injection to when death was declared due to the heart 
stopping effects of potassium chloride.  This means that the painful injection of 
potassium chloride began at least 45 seconds before death (see above description of 
transit and intravascular mixing in figure 1 that also applies to potassium chloride).  
Because potassium chloride was injected in these instances about 75 seconds into the 
execution, it is clearly possible that these inmates experienced pain, as the thiopental did 
not likely achieve burst suppression until after 90 seconds.    

 
23. As noted above, the question also arises concerning the effects of 

thiopental on the cardiovascular system, thus affecting thiopental’s own 
pharmacokinetics.  In other words, thiopental usually reduces cardiac output, thus 
slowing the time it takes for the thiopental to reach the brain and actually take effect.  
Thiopental’s effect on cardiac output will be especially likely and especially pronounced 
when administered in a large dose, such as 5 grams.  To address this, I constructed 
models in which the cardiac output was predicted to decrease by 25%, 50%, and 75% 
beginning about 60 seconds after its injection or 15 seconds after it reaches the arterial 
blood.  Research in this area suggests that it takes about 60 seconds for thiopental to 
decrease cardiac output.  Our previous work describes how changes in cardiac output 
affects transit, intravascular mixing and drug distribution to the tissues of the body.7   I 
used these principles in these simulations.  
 

24. We know that thiopental is a direct myocardial depressant, but the 
magnitude of the effects at a dose as large as 5 grams has not been well researched.  
Figure 3 shows the results of what I consider to be within the range of the not so very 
likely and the very likely depressant effects of thiopental on the heart and thus on its own 
kinetics.  The least likely is that 5 grams of thiopental will have no effect on the heart 
whatsoever and the time to burst suppression will be unaffected and remain at just over 
90 seconds.  Given such a dose, it is highly unlikely that the thiopental would have no 
effect on cardiac output.  Indeed, far more likely, is that this massive dose of thiopental 
will have a profound effect on heart function, reducing it to nearly 25% of where it was 
before thiopental was administered.  This effect begins immediately upon reaching the 
heart (at about one minute into the injection).  My computer simulation shows that this 
will slow the delivery of thiopental to the brain and delay burst suppression by 
approximately one minute.  Thus, the thiopental would not have attained a 95% 
probability of burst suppression until more than 2.5 minutes.  Given that Missouri 
completes some of its executions within 2 minutes, there is a substantial likelihood that 
inmates executed in Missouri have suffered excruciating pain, because the thiopental had 
not yet achieved burst suppression when the potassium chloride was administered.   

 
25. Figure 4 demonstrates the range of potential thiopental effects on the heart 

ranging from the least likely event of no effect (baseline) to the most likely, that it would 
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be on the order of a 75% reduction (so that cardiac output is 25% of the baseline).  Note 
that no heart depressing effect predicts a shortening of the time to onset and that each 
incremental decrease in cardiac output adds time to when potassium chloride can be 
ethically given. 

 
C. Applying the Pharmacokinetics of Thiopental to Missouri’s Lethal 

Injection Records 
 

 26. Since the sequencing and timing of the drugs used for lethal injection 
defines the specific effect that can be expected at each point in time, it is critical to know 
the times the drugs were injected down to within fractions of a minute in order to 
understand whether the current execution procedures are being done properly.  The 
continuous ECG record that is used to determine the moment that death occurs provides 
this information accurate to within a second or two.  The way that accurate time is 
determined from the ECG record is as follows. 
 
 27. The ECG tracing (or strip) periodically automatically prints out the heart 
rate from the ECG as well as the current time in hours, minutes and seconds as well as 
the value of other physiologic measures that this monitoring device could also provide if 
connected to the inmate, such as blood pressure and arterial hemoglobin oxygen 
saturation.   A pulse oxymeter was in place in several of the executions, but I never saw a 
blood pressure recorded.  Since the paper speed for the ECG strip is 25 mm/sec it is quite 
simple to count the graph lines from the point at which the time is printed or from the 
point at which prison personnel marked events on the moving paper and convert this 
distance into the precise time that elapsed.  In most of the records that I examined, the 
start and end of the thiopental, pancuronium and potassium chloride injections are clearly 
marked.  Thus it is a simple matter to derive the precise sequencing and timing of these 
events. 
 
 28. It should be noted that the time on the ECG is not exactly the same as that 
on the wall clock in the prison.  The ECG clock appears to be 7 minutes behind the prison 
clock.  However, from the written records it appears that there is good correspondence 
between the elapsed time from the ECG and the elapsed time for the same events 
handwritten on the record from examining the wall clock.  This gives further reason to 
believe that the handwritten markings on the ECG report accurately marked the moment 
at which each drug was injected.  It should be noted that the handwritten times do not 
contain the precision necessary to determine the pharmacokinetic events with the degree 
of accuracy needed to understand whether the thiopental effect has rendered the 
condemned inmate deeply unconscious before the painful potassium injection has begun.  
For instance, if it is written that the thiopental injection began at 2:40 am and the 
pancuronium injection began at 2:42 it is impossible to know whether the elapsed time 
was 1 minute 30 seconds or 2 minutes 30 seconds or something in between.  With the 
ECG we can know that the elapsed time between 2:40 and 2:42 was 1 minute 37 seconds, 
exactly.  Based on the times indicated on the ECG print-outs (and corroborated by the 
State’s handwritten logs), I can tell, for instance, that during Vernon Brown’s execution, 
the State began injection of potassium chloride a mere 52 seconds after it finished 
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injecting thiopental.  (The ECG from Vernon Brown’s execution is attached as Exhibit 
D.)   

 
29. As noted above, the heart and its function are affected negatively by 

thiopental.  This is as a result of both decreased blood return to the heart as a result of 
venous dilation and by a direct depressant effect on the heart muscle itself.  In light of a 
thiopental dose that ranges from 2.5 grams to 5 grams (5 to 10 times normal clinical 
doses), it is extremely likely that a decrease in heart function will occur when these high 
thiopental concentrations reach the arterial circulation.  As shown in figure 1, this begins 
at about 45 seconds.  Assuming another 15 seconds for these cardiovascular effects to 
start manifesting, pharmacokinetic simulations were created in which the parameters 
describing the rate of distribution of thiopental to peripheral tissues, which depend on 
cardiac output, were reduced by 25, 50 and 75 percent from the baseline normal cardiac 
output.  The delays for venous transit and transit through the heart and lungs were 
similarly increased by 25, 50 and 75 percent from the baseline condition.  While it is 
speculation to what degree the heart will be affected in the minutes following a massive 
overdose of thiopental, it is certain that there will be an effect.  This effect likely resides 
between a small 25% reduction and a profound 75% reduction.  Given this massive dose, 
a larger reduction (closer to 75%) is the most likely.   
 

30. By using pharmacokinetic-pharmacodynamic simulations, the effects of a 
change in cardiac function on the time of onset of thiopental effect can be examined.  
Figure 5 demonstrates a 5 gram dose of thiopental’s effect on cardiac output, beginning at 
one minute from the start of the thiopental injection, on the time to reach EEG burst 
suppression.  Also shown is the potential painful effect of potassium chloride taken from 
the record of Vernon Brown.  He had a potassium chloride injection of one minute 
duration beginning just before 90 seconds after the start of the thiopental injection.  
Accordingly, Figure 5 indicates that potassium chloride was injected just before 1.5 
minutes.   
 

31. As demonstrated in Figure 5, there would be a 33% chance that burst 
suppression would not have been reached before the painful potassium chloride injection 
was started if there were no change in heart function.  This is seen by noting where the 
left edge of the potassium injection ‘box’ intersects the first or ‘baseline’ probability of 
burst suppression curve.  It intersects at 67% probability of effect – meaning that there is 
a 33% chance of burst suppression not being reached.  If cardiac output were reduced by 
25%, the probability of burst suppression falls to 20%, meaning that there is an 80% 
probability that burst suppression is not reached.  (Again, note where the left edge of the 
potassium injection ‘box’ crosses the ‘second’ probability curve).  If cardiac output is 
50% reduced the probability of burst suppression being attained before the potassium 
chloride is injected is 1%.  If the thiopental effect on the heart is profound (reducing the 
heart to 25% of its usual cardiac output), there is less than one five hundred thousandth 
percent chance that burst suppression will have occurred prior to 90 seconds.  Thus, there 
is an unacceptable risk of reaction to pain that could be interpreted as being conscious in 
all conditions, whether assuming no drug induced change on cardiac output, or any 
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postulated degree of change.  In fact, any change in heart function increases the 
probability of a conscious reaction to the pain of potassium chloride injection. 

   
32. Figure 6 contains similar pharmacokinetic-pharmacodynamic simulations, 

demonstrating a 2.5 gram dose of thiopental’s effect on cardiac output.  As demonstrated 
in Figure 6, there would be a 93% chance of a lack of burst suppression at the time the 
potassium chloride was injected (again measured by the time potassium chloride was 
injected in the Vernon Brown execution) if there were no change in heart function.  (The 
“no change in cardiac output” probability curve crosses the left edge of the potassium 
injection ‘box’ at 7%, indicating a 7% chance that the thiopental has reached burst 
suppression.)  If cardiac output were reduced by 25% -- that is, to 75% of the baseline – 
there would be a 0.2% chance that thiopental would have achieved burst suppression at 
the time potassium chloride was injected.  If cardiac output were reduced by 50%, there 
is less than a .01% chance that 2.5 grams of thiopental would achieve burst suppression 
before the potassium chloride was injected.  Finally, if cardiac output were reduced by 
75%, there is a less than one millionth of a chance that burst suppression would be 
reached.   
 
 33. Additionally, to the extent Missouri’s chemical logs suggest that it has 
sometimes prepared a 2.5 gram dose but not injected all of it, burst suppression would be 
delayed further still.  Page 2 of the State’s chemical log indicates that on 10/26/05 the 
State apparently prepared only 2.5 grams of thiopental.  (The chemical log is attached as 
Exhibit E.)  However, the log seems to indicate that it only injected “40” units and 
flushed (or disposed of) another “20.”  It thus appears that the State may have prepared 
2.5 grams of thiopental in 60 units of solution, but injected only 40 units.  In that case, 
only 2/3 of the 2.5 grams of thiopental would have been injected -- or 1.67 grams.  (Of 
course, this is not the only possible reading of the log, but it is certainly a plausible one 
and to my understanding the State has done nothing to refute it.)   
 
 34. Based on my simulations, a 1.67 gram dose of thiopental would delay 
burst suppression by approximately another 20 seconds.  Once again, the effect on 
cardiac output is uncertain, but we can be sure that there will be some effect.  Because a 
1.67 gram dose is significantly less than a 5 gram dose, it might have a less profound 
impact on cardiac output than the 5 gram dose would.  In any event, as Figure 7 
demonstrates, even if there is no effect on cardiac output (which is still unlikely, even at 
1.67 grams), there is still less than a 1% chance that of reaching burst suppression before 
the potassium chloride is injected (assuming, again, that the potassium chloride will be 
injected when it was during the Vernon Brown execution).  As cardiac output decreases, 
so too does the already slim likelihood of reaching burst suppression before the 
potassium chloride. 
 
 35. Moreover, if Missouri is only injecting 1.67 grams of thiopental, it is 
getting dangerously close to a dose that would not result in burst suppression 95% of the 
time.  Thus, a relatively small administration problem causing some of the thiopental to 
leak or not reach the inmate’s veins for whatever reason would present a risk that the 
inmate might not attain burst suppression at all.   
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 36. As the foregoing analysis and accompanying graphs should make clear, 
there will be substantial variation in the time it takes for thiopental to achieve burst 
suppression, depending on the amount injected into the veins and its effect on cardiac 
output.  As noted above, the precise effect of various doses of thiopental on cardiac 
output is poorly documented, but it is likely that the thiopental, especially in these doses, 
will have some significant effect on cardiac output.  As the graphs and ECG printouts 
collectively demonstrate, there is a substantial risk that the State’s lethal injection 
practices inject potassium chloride into the inmate’s veins before burst suppression, thus 
creating a substantial risk of excruciating pain.   
 
 37. This analysis demonstrates that it is medically contraindicated to inject 
these chemicals so rapidly.  This rapid injection creates a substantial danger of 
excruciating pain.  It also demonstrates that the State does not understand what it is doing.  
In addition to exacerbating the risk of excruciating pain, the rapid injection also makes it 
more difficult to monitor the inmate and makes administration failures more likely.  No 
doctor in a clinical setting would ever inject chemicals in such rapid succession, except 
perhaps in an emergency trauma scenario where drastic measures are necessary to 
attempt to revive a patient and save him from an otherwise almost certain death.   
 

38. Additionally, because thiopental will have had some effect before it 
achieves burst suppression, there is a substantial risk that the inmate could not express 
that pain and that such pain would not be visible to an observer.  As explained in Figure 2, 
“Loss of Consciousness” -- that is, the level of consciousness at which a person responds 
incorrectly to verbal commands -- occurs about 20 seconds before burst suppression.   
When a patient has reached “Loss of Consciousness,” he often is unable to indicate pain.  
The typical cues that might alert a person without training in anesthesia that a patient is in 
pain would have a substantial risk of being masked by the effect of the thiopental.  There 
is thus usually a 20 second window during which an observer could not tell that a person 
was suffering from excruciating pain.  Of course, the risk of observers not being able to 
notice such pain is heightened further by the fact that there is no anesthesiologist 
monitoring the inmate by his side.   
 
 39. I conclude from all of these calculations and simulations a few important 
conclusions.  First, 5 grams (or even 1.67 grams) of thiopental injected intravenously will 
produce a state of deep unconsciousness.  Second, while this state will surely occur with 
lethal injection doses in almost all people, it does not happen instantaneously and requires 
time.  Some of the time needed (i.e., for injection, transit through IV tubing as well as 
transit through the veins, heart, lungs, and arteries) is not affected by dose.  That is, 
giving more drug will not speed up the time needed to reach the brain (this takes about 45 
seconds).  The other time needed is that required for the drug to diffuse from the 
capillaries into the brain tissue until the drug concentrations in brain produce the desired 
effect.  The time for the diffusion process to reach a particular concentration by diffusion 
is greatly affected by dose.  So by increasing the dose, one can speed this part of the onset 
time.  Similarly, decreasing the dose will slow the onset time.  This part of the onset time, 
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which is added on to the 45 seconds for transit, can vary from just a few seconds to as 
long as approximately 3 minutes, depending on the dose. 
 
 40. I can not imagine any anesthesiologist choosing to produce 
unconsciousness before a painful procedure in the way described quite clearly in the 
prison records.  First, one would want to give thiopental sufficient time to work before 
administering a paralytic or causing pain.  The six seconds from the end of thiopental 
injection until starting pancuronium is too short, as is the 52 seconds until starting the 
potassium chloride (as documented in the Vernon Brown case).  With this sequence and 
timing of drugs, there is nearly a 50:50 chance that an inmate will register pain or distress 
before reaching deep unconsciousness (even in the unlikely event that cardiac output was 
not reduced).  I can think of no reason to inject these drugs in this way.  Second, an 
anesthesiologist will always want to stimulate the patient in some way (e.g., verbal, light 
touch or even a moderately painful stimulus), often repeatedly, in order to determine the 
trajectory of the drug’s effect on consciousness.  This is necessary because drug is not 
always delivered to the venous or subsequently to the arterial blood as expected and 
because each individual will have a different response to the drug.  If the expected 
response is not observed, a clinician will troubleshoot the situation (i.e., form a 
differential diagnosis) and make appropriate adjustments (most often as simple as waiting 
more time for the drug to work).   The hands-off and even eyes-off approach to 
monitoring the onset of anesthesia described in the prison record is well outside of any 
practice standard for how these drugs should be administered to human or even animal 
patients. 
 
IV. Femoral Vein Access 
 
 41. The femoral vein is a large, central vein near the groin.  Unlike peripheral 
veins, which can be accessed using small needles a fraction of an inch beneath the skin, 
femoral veins can only be accessed with large bore needles inserted deep under skin and 
tissues.  Because the femoral vein runs in a bundle with the nerve and artery, femoral 
vein access necessary runs the risk of hitting and damaging other critical structures 
located near the femoral vein.   
 

42. The insertion of a femoral vein central catheter is not medically indicated 
for the infusion of any of the drugs involved in lethal injection.  It is substantially more 
risky, painful, and invasive than the insertion of a peripheral line.  No responsible 
physician would ever put a femoral line in a patient when a peripheral line would serve 
the same purpose.  Unless an inmate’s veins are compromised, peripheral vein access can 
be used to inject the chemicals at issue here.  By selecting a femoral vein central catheter, 
the State will necessarily cause additional, significant pain during its insert as compared 
with a peripheral intravenous catheter.  The femoral vein access also creates a substantial 
risk of much more serious complications associated with its insertion.  These risks 
include hitting the artery, nerve, or bone; puncturing the vein, artery, bladder, or bowel; 
hematomas; infection; and thrombosis.  Collectively, the probability of such 
complications occurring is approximately 17%.8 
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43. Because significant pain is almost inevitable and because there is a 
substantial risk of excruciating pain, the insertion of a femoral vein central catheter 
should not be performed without first giving a strong sedative.  An oral sedative would 
likely be insufficient; a sedative through an IV drip in a peripheral vein would be 
preferable.  Local anesthesia, while also necessary, would likely not protect against the 
pain from most of these complications, because it works only on the surface skin and 
most of these complications occur far underneath the skin, in veins, arteries, nerves, and 
tissue.   Even when given in tandem, a strong sedative and local anesthesia would not 
protect against the excruciating pain resulting from some of the complications connected 
with femoral vein access.   

 
44. One complication would be damage to the femoral nerve that runs just 

lateral to the femoral vein and artery.  Damage to the femoral nerve caused by the large 
bore (16 or 18 gauge) needle would be excruciating.  More frequent complications of 
femoral venous cannulation involve damage to the adjacent artery.  One may accidentally 
insert the catheter into the femoral artery, as well as lacerate or transect it.  These 
complications would result in arterial blood leaking into the surrounding tissues, 
producing a hematoma.  A hematoma is created when blood collects under pressure, 
distorting and distending the surrounding tissues.  Hematomas are painful and can be 
extremely painful depending on the extent of the leak and the size of the hematoma.  
(Some hematomas can be the size of a grapefruit or larger.)  The loss of blood from this 
vessel through a puncture site, laceration or its complete transaction can sometimes be 
severe enough to cause cardiovascular instability and require immediate treatment 
including blood transfusion.  Applying direct pressure to the arterial puncture is the usual 
treatment for an inadvertent puncture of the femoral artery.   However, applying pressure 
does not reliably stop the blood from leaking, especially if a clot does not form.  
Sometimes a vascular surgeon is needed to repair the artery in order to stop blood from 
leaking and more rarely to repair a transected or severely lacerated artery.  Of course, 
such surgery would probably not be performed in the execution setting, but serious 
bleeding could result and lead to an excruciating death.  The femoral vein can also be 
damaged by puncture, laceration, or transaction but, because the pressure in this vessel is 
normally less than one quarter of that in the artery, blood leakage from a femoral venous 
injury is not as likely to result in severe pain or cardiovascular instability.   

 
45. Anesthesiologists would never choose to place a femoral central venous 

catheter for infusion of thiopental and pancuronium unless a peripheral vein was not 
available.  And when doing so, would do their utmost to assure themselves that proper 
medical backup was available to treat the complications should they occur. 
 

46. In the photographs provided from the execution of Mr. Johnston (Exhibit 
F), it appears that the femoral artery may have been mistakenly cannulated or injured.  I 
say this for several reasons.  First, the blood present on the field is bright red, signifying 
the likelihood that the blood was well oxygenated arterial blood.  Venous blood would 
likely not be that bright red color.  Second, there is much more blood present on the field 
than would be expected from even a difficult femoral venous catheter insertion, 
indicating that blood may have been leaking rapidly from the high pressure artery.  
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Finally, the two photographs show signs of hematoma formation: swelling and a bluish 
red mottling of the tissues in the area of swelling.  There are also signs that this catheter 
may have been left in situ, but abandoned.  Two of the catheter extension lines are 
severed and knotted, while the third is clamped and knotted.  I can think of no reason that 
anyone would tie knots in these lines other than as a means of signaling to others to not 
inject into the line and, if someone inadvertently tried to inject into it flow would be 
prevented by the knot.  For both thiopental and potassium chloride, arterial injection 
would have horrendous consequences in terms of pain and tissue damage downstream 
from the catheter (leg and foot).  (Thiopental itself can be excruciatingly painful if 
administered extravascularly.)   

 
47. Additionally, femoral venous access presents the potential of additional 

complications that might arise in the event of a last minute stay.  Deep venous thrombosis 
(blood clotting) occurs with some regularity after femoral venous catheter placement.  
Similarly, groin infection is another complication that might result were the execution not 
completed.   

 
48. Of course, a femoral line may be used instead of a peripheral line in 

certain circumstances where a patient’s peripheral veins are scarred or compromised as a 
result of intravenous drug abuse and/or chemotherapy.  It may also be sometimes the first 
method used for certain specific kinds of procedures, none of which are at issue here.  
Femoral vein access should never be the first choice for administration of anesthesia or 
any of the chemicals at issue in this case.   
 
 49. To sum up, insertion of a femoral vein central catheter is a significantly 
more invasive, risky, and painful means of accessing an inmate’s veins for lethal 
injection.  Even without complications, the procedure is far more painful than peripheral 
IV access.  Additionally, serious complications – including significant bleeding from 
inadvertent arterial injury and accidental femoral arterial placement – occur with some 
frequency resulting in excruciating pain.  Consequently, in my medical and professional 
judgment, the insertion of a femoral vein central catheter should not be used for the 
administration of thiopental and pancuronium bromide unless the peripheral veins are too 
compromised to access.   
 
V. Compensation 
 
 50. I am being compensated at the rate of $250.00 per hour.   
 
VI. Other Cases 
 
 51. I have not testified as an expert at trial or by deposition within the last four 
years.   
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I declare under penalty of perjury under the laws of the United States of American that 
the foregoing is true and correct. 
 
 
 
 
      ___/s/ Thomas K. Henthorn____ 
      Dr. Thomas K. Henthorn 
 
Dated:  May 23, 2006 
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IN THE UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF MISSOURI 

CENTRAL DIVISION 
 

 
MICHAEL ANTHONY TAYLOR  ) 

) 
Plaintiff,   ) 

vs.      )  No. 05-4173-CV-W-FJG 
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LARRY CRAWFORD, et al.,  ) 
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Defendants.   ) 
______________________________) 

 
 

EXPERT WITNESS REPORT OF DR. THOMAS K. HENTHORN  
PURSUANT TO FED. R. CIV. P. 26(a)(2)(B) 

 

Certificate of Service 

I hereby certify a true and correct copy of the foregoing was forwarded by 

electronic mail and Federal Express this 23rd day of May, 2006, to the offices of: 

Michael Pritchett, Esq. 
Assistant Attorney General 
P.O. Box 899 
Jefferson City, Missouri  65102 

 
/s/ John William Simon 
Attorney for Plaintiff 
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